Abstract: To determine the cotton bollworm migrating population rate in Hungary, we examined the weights and the front wing morphological feautures of trapped moths. We used sex pheromone traps to monitor field populations during the maize vegetation cycle period in 2008. We examined moths trapped at various times, and measured their body mass (m) and morphological features, namely the front wing quotient (fWQ = quotient of length of front wing/width of front wing), modified wing loading (WL = weight of moth/surface of front wing), and the relative thorax size (RTS = width of thorax/width of head). The data were analysed by Student t-test, anterior wing abrasion and darkness were analysed by a Adobe Photoshop 7.0 software. The Hungarian appearance of three cottom bollworm generations in 2008 was also observed. Based on the examined morphological features we found regularity in body mass, front wing quotient and modified wing loading changes during the flight period. The specimens trapped in the first and third part of the flight period had lower body mass, larger wing surface, longer wings and more favourable modified wing loading than the specimens trapped in the middle of the flight period. The abrasion and colour of the anterior wings of cotton bollworms were concordant to morphometric investigations. The abrasion in darker spots E1 and E3 clearly showed a more intensive usage of the wings in case of specimens trapped at the beginning and at the end of the flight period.
Introduction
Cotton bollworm, Helicoverpa armigera (Hübner, 1805) (Lepidoptera: Noctuidae) is one of the most dangerous insect pests in the World. In Europe, it causes substantial losses to maize, legume, fibre, cereal oilseed and veretable crops (Romeis & Shanower 1996) . Its original spreading areas are in the tropical and subtropical regions (Szeőke & Dulinafka 1987; Drake & Gatehouse 1995; Scott et al. 2005; EPPO 2006 ). The cotton bollworms used to appear also in the Central-Europian Region; they even did appear in larger numbers in Hungary every [16] [17] th year due to their gradation in the primary distribution areas. This pest cannot overwinter in Hungary due to low winter temperatures and frost (Udwardy 1983; Farrow & Daly 1987 ). An unexpected presence of larger numbers was observed all over the country from 1993 until present (Szeőke 1994; Szeőke & Vörös 2001) .
Migration of noctuid moths occurs when the adults are sexually immature (Gaines 1932) , and their prereproductive period provides an indication of the time available for migratory flight (Westbrook et al. 1997) . Helicoverpa armigera is considered to be a facultative migrant, migrating in response to deterioration of local environmental conditions that become unfavourable for adult survival and larval development; hence the effects of temperature, vapour-pressure deficit and the availability of sugar solution over the pre-reproductive period were investigated by Colvin & Gatehouse (1993a) . The migrant individuals generally appear in the Carpathian basin at the beginning of summer (Uherkovich 1979) . These migrant moths differ from the non-migrant, local individuals in some morfometrical features: lower body mass, lower wing loading (weight of moth/surfaces of all 4 wings), fewer wing scales, narrower wings and larger relative thorax size (Gatehouse 1994; Xiaofeng et al. 2000) . Vojnits (1968) demonstrated the number of fresh and shabby silver Y moth, Autographa gamma (L., 1758), specimens caught by light-traps in Hungary. In his assumption, the fresh (intact) specimens reached maturity in Hungary, while the shabby individuals suffered various degrees of injury in the course of migration. This method helped to establish the swarming time of the first and second generation that had reached maturity in Hungary: swarming peaks in the second half of July and September. The results made clear that the swarming peak of the tattered, presumably migratory specimens, was in August, at a date that fell between the two swarming peaks of the "home-bred" generations. From the relative intactness of light-trapped cotton bollworm specimens, Szabóky & Szentkirályi (1995) drew the conclusion that imagines occurring during the main period of swarming are those of the successive generation that reached maturity in Hungary. Light-trap catch data did not clearly indicate whether the caught individuals had got there by migration or developed in the surroundings.
The appearance of the migrant H. armigera individuals generally forerun the diapausing moths occurrence (Xiaofeng et al. 2000) . This trait can be explained with lengthening of the pupal stage and the dissimilarity of diferent breeds. Pupae in diapause retain eyspots much longer and for markedly diverse duration than non-diapause pupae (Liu et al. 2006) . Male pupae generally show a high while female pupae show a slight and rather population-specific tendency to enter diapause. This trait as well as the higher intensity of male pupal diapause and the shorter post-diapause period of males suggest that females emerge first in the field in spring. This feature can be regarded to be potentially important considering the life-history of this cosmopolitan pest (Shimizu & Fujisaki 2002) . Thus, generations developing without diapause can play an important role in forming multitudinous flight peaks from the middle of summer in Hungary. Therefore, pesticide applications in the field have to be synchronized with the peaks and the multitudinous appearance of L 1 (first instar) larvae (Dömötör et al. 2007 ).
The successful overwintering of H. armigera depends on the time of diapause onset (Yohei et al. 2005; . Diapause induction in the species is stimulated by low tempertures in autumn, and the incidence of pupal diapause increased considerably by little change in potoperiod (Colvin & Gatehouse 1993b) . Diapausing pupae of H. armigera can overwinter in regions where average winter temperatures are higher than 0 • C (Yohei et al. 2005) . The alteration of the glucose, trehalose and glycogen content in tissues of the diapausing pupae can help them to survive. In contrast, nondiapausing pupae only survive 14 days after exposure to 0
Overwintering of Helicoverpa assulta (Guenée, 1852) is more successful than of H. armigera in temperate zone, due to differences in diapause induction . The cotton bollworm detects the altered climatic features later, thus this pest prepares for overwintering later and less successfully.
In addition, a significant increase of 1.1
• C in the average winter temperature was registered over the last 110 years in Hungary (Stollár et al. 1993) . The rise of average temperature was especially high in the last decades. The cotton bollworm responses to the warm and droughty weather very positively (Balogh et al. 2005) . According to Vörös (2002) and Takács et al. (2004) , the possibilities of this pest to overwinter is increasing at present, and this may contribute to an increase in the cotton bollworm population in Hungary.
According to the results of Fric et al. (2006) we wanted to find out if mechanical design indicates differences in mobility among H. armigera generations. Our aims were to widen the knowledge on H. armigera adults morphological differences in the Hungarian populations, considering the signs of migration.
Material and methods
To determine the cotton bollworm migrating population rate in Hungary, we examined the weight and the front wing morphological feautures of trapped moths. We used four sex pheromone traps (VARL, Csalomon ) to monitor field populations during the maize vegetation cycle in a 111.1 ha field in 2008. The place of the trapping was at Somogyszil (Somogy county; GPS: 46 • 31 19.38 N; 17 • 59 48.17 E) corn acreage. The four traps were placed at the southern edge of the field. The subject of our examinations was the number of weekly collected moths. Based on the pheromone trap catches we made a diagram of flight phenology of the cotton bollworm. We measured the body mass of moths (m) by means of analytical laboratory scales (unit measurement: mg). We calculated the front wing quotients (fWQ), where: fWQ = length of front wing (mm)/width of front wing (mm), the modified wing loading (WL), where: WL = weight of moth (mg)/surface of front wing (mm 2 ), and the relative thorax size (RTS), where: RTS = width of thorax (mm)/width of head (mm) (Byrne et al. 1988 We compared the abrasion and darkness differences on the anterior wings between specimens collected in different time intervals by using the method developed by Moskát et al. (2002) . Three spots were examined on the wings: E1 -kidney spot at the end of anterior wing cell, characteristic of noctuid moths; E2 -light spot at the medial (m3) and cubital (c1) veins connection, found in the discal region of the anterior wing; E3 -dark spot in the postdiscal region of anteror wing bordered by medial veins (m1, m2) (Fig. 1) . The principal component analysis (PCA) was applied to confirm the occasional distinction in wing loading and the anterior wing abrasion. The analyses were performed by the NUCOSA software (Tóthmérész 1996) .
Digital pictures from the anterior wings were taken with Canon EOS 1D Mark III digital SLR camera, Canon EF 100mm f/2.8 USM Macro lens and 2 Canon 580EX II flashes. We standardized both the photography method and the environment to take the pictures. The wings were placed in couples on a 3 mm thick glass with a metric scale and an identification code. The photographer had just a code for each couple of wings and did not know the time or location of the collection. We used Kodak R-27 18% Grey Card for background. All pictures were taken in a darkroom, with standard distance, flash fire, exposure time (1/300sec) and F-stop (f7.1). The resolution of the images was 3888 × 2592 pixels. We analyzed the digital images with an Adobe Photoshop 7.0 computer program. First, we transformed each picture into a black-andwhite image (Image/Mode/Grayscale). Than, we measured the color intensity of previously determined regions of each wing (Tools/Eyedropper tool/5 by 5 Average). Totally, 10 measurements were made in each designated region. This way we obtained the average of 5 × 5 × 10 = 250 pixels. The advantage of "5 by 5 average" measurement is that the Fig. 1 . Examined spots of anterior wing of Helicoverpa armigera. E1, E2, E3 -signs of examined wing spots: E1 -kidney spot; E2 -light spot; E3 -dark spot; m1, m2, m3 -medial veins; c1 -cubital vein. program calculates the numeric average of the values of a 25 pixels quadrate, where the central pixel is where we click on. Using the result of black-and-white transformation we received numeric values expressed in percentage, which were compared by statistical analysis.
Results

Flight and morphological analysis
Cotton bollworm catches from the four pheromone traps in Somogyszil in 2008 can be seen in Fig. 2 . The separation of three generations is conspicuous. The peaks of the later generations, the increase of the numbers of the trapped moths from mid-summer and the dominant third flight peak can be observed in the phenology diagram. The first moth was trapped on 26 May and the last on 21 September, i.e., the flight period was rather long, 119 days.
The average body mass in the trapped moths is presented in Fig. 3 . The increase of body mass in the course of time and the decrease at the end of the flight period is represented well by a polynomial line. The average body mass of the specimens belonging to the first generation was by 0.758 mg lower than in those belonging to the second generation.
The changes in front wing morphological features are shown in Fig. 4 . It is evident that the shape of the front wings belonging to the second generation differred from those of the first and the third generation. The front wings of the second, not migrating generation were proved to be wider and shorter than in the other generations. The extreme values of front wing quotient (fWQ) were 2.391 and 2.230, i.e., the change in front wing shape may reach even 7%.
The variation of modified wing loading (WL) of cotton bollworms during the flight period was parallel with the variation of body mass (Fig. 5) . The first and third generation contained individuals with larger wing surface per body mass unit. The presence of bigger wings was striking in the first generation, which is shown clearly by the polynomial line. The WL values varied between 1.82 and 4.27 during the flight period, the maximum difference was 2.34 times.
No similar tendency in relative thorax size (RTS) of moths was observed during the investigation period, although the RTS values of the moths belonging to the third generation were higher than those belonging to the other generations (average RTS values: 16 June -1.452; 3 August -1.537; 11 September -1.720). The Student t-values for comparison of the recorded parameters in the three generations are presented in Table 1 . Significant differences were observed in body mass (m) and modified wing loading (WL) between the first and third generation and in front wing quotients (fWQ) of the second and third generation. There were no significant differences in the relative thorax size (RTS) between the generations. Figure 6 shows results of principal component analysis. The wing loading of individuals trapped during the first interval of the flight period considerably varied. Minimum and medium values were common, with the exception of only one moth. In the second interval of the flight period, majority of the trapped cotton bollworms had medium values. During the first half (until 6 th September) of the third interval of the flight period, the trapped moths had medium and high wing loading values, in contrast to the second half of the same interval, when moths had again minimum wing loading values. This confirmed migration.
According to our investigations, differences in body mass and wing characteristics were obvious in cotton bollworms trapped in different time intervals. From the examined morphological features we demonstrated regularity in body mass, front wing quotient and modified wing loading changes during the flight period. The specimens trapped in the first and third interval of the flight period had lower body mass, larger wing surface, longer wings and more favourably modified wing loading than the specimens trapped in the middle of the flight period. In summary, these specimens possessed a more favourable migration fenotype. Figures 7 and 8 show examples of anterior wings of moths trapped at the beginning and in the middle of the flight period, respectively. An obvious discrepancy can be observed in darkness and abrasion between the two wings. This discrepancy induced us to make further empirical investigations.
Wing colour analysis
The darkness intensity of the investigated spots during the flight period is shown in Figs 9-11 . The darkness intensity of the three examined spots was higher in the specimens trapped in the middle of the flight period. The bigger difference could be observed in the E3 spot, when the curve (a = -0.1506) and the steep (b = 2.9286) of the polynomial line was the largest. The polynomial-type change was the smallest in the E2 spot (a = -0.0063; b = 1.2670). The dispersions of darkness percentages were higher in the two darker spots, E1 and E3 (kidney spot: s = 4.397; dark spot: s = 4.980), and lower in the lighter E2 spot (s = 2.115).
Student t-values for comparison of the three generations are presented in Table 2 . All differences were significant. The accumulated principal component analysis results (Fig. 12) of the three wing spots examined proved the differences in wing abrasion in the different intervals of the flight period. According to the statistical analyses, the wings of moths trapped during the first interval were unequivocally used, more ragged. During the second interval and the first half of the third interval, the trapped moths had more intact and dark anterior wings. Later, at the end of the flight period, cotton bollworm adults showed again intensive usage of wings. Investigations of the anterior wing colour of cotton bollworms were concordant to morphometric investigations. The abrasion in darker spots E1 and E3 clearly showed a more intensive usage of the wings in specimens trapped at the beginning and end of the flight period. The intensive wing usage was reflected best in the colour intensity changes in the E3 spot. During the abrasion of the wings the off-white colour of lower wing surface did not differ much from the original colour of the white E2 spot. This fact caused the low dispersion values in this spot. The results of abrasion and darkness examinations showed better, than the morphometric results, the presence of migrant specimens.
Discussions
Differences in body mass and wing characteristics and abrasion were observed in cotton bollworm specimens trapped in different interval of the flight period in Hungary. The specimens trapped during the first and third interval of the flight period had favourable migration attributes, in addition, wing abrasion unequivocally denoted more unequivocally the presence of migrant indiviuals. According to the observations of Balogh et al. (2009) the wings of young cotton bollworm moths are very intensive pastel brown with intact, unbroken margin. By time, the wings become lighter and more transparent, their margins become fringed and frayed. From the predominance of moths with darker wings in the middle of summer it can be concluded that specimens which developed without diapause in the Carpathian basin were dominant. The appearance of specimens with lighter wings at the beginning and of summer can confirm the migration of cotton bollworm.
Naturally, pheromone trap catches show only the appearance of male moths. Thus, we can suppose that the beginning of the cotton bollworm flight period was earlier than 26 May, because females usually hatch from the pupae earlier due to a shorter diapause stage (Shimizu & Fujisaki 2002; Kurban et al. 2007) .
The field overwintering of cotton bollworms is improbable in this region, because the average winter temperatures are often lower than 0
• C (HMS 2008). Therefore, the survival rate of the diapausing pupae could be very low.
According to bibliographical data (Vörös 2002; Szeőke 2008 ) and our observations on weight and morphology of moths, the rate of migrant individuals within the Hungarian cotton bollworm population in the first and third interval of the flight period could be high. The appearance of non-diapausing individuals is more remarkable after the beginning of the second interval. Eventually, migrant moths can appear again at the end of the flight period.
The adaptation of the method described in this study could enable spatial observations of migrant moths in those countries or regions, where extended light trap networks were established and the trapped insects are regularly identified.
